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1. Introduction 
At the RAN1 #86bis and 87 meeting, following agreements were achieved [1] – [2]:
	Agreement:
· Short TTI is not configured with extended CP.

Agreement:
· For 7-symbol TTI, the following sTTI structure is supported for UL:
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Agreement:
· For 2-OS sTTI, down-select the UL sTTI pattern for sPUSCH between (2,2,3,2,2,3) and (3,2,2,2,2,3)
· The data symbol(s) for a sPUSCH are confined within a sTTI
· if sPUSCH is transmitted, the number of symbols available for data transmission within a sTTI can be 
· 1 or 2 for a sTTI with 2 symbols
· FFS: 1 or 2 or 3 for a sTTI with 3 symbols 
· The presence (if any) and the position of the UL DMRS is given or determined by the UL grant, 
· The UL DMRS can be positioned before or within the associated sTTI 
· FFS: The UL DMRS can be positioned after the associated sTTI



[bookmark: OLE_LINK31][bookmark: OLE_LINK32]In addition, following agreements on UCI transmission on sPUSCH and UE behavior on uplink sTTI transmissions were made at RAN1 #85 meeting [3] and RAN1 #84bis meeting [4]. These consensuses achieved in RAN1 so far should be the baseline.
	Agreement:
· The following principles on sPUSCH are recommended to be supported:
· [bookmark: OLE_LINK1]UCI transmission on sPUSCH is supported
· FFS UCI mapping rule, especially considering the impact of DM-RS design
· [bookmark: OLE_LINK40][bookmark: OLE_LINK41]FFS on which carrier to multiplex UCI on in case different sTTI lengths are used on different UL CA
· Note:
· The UCI herein refers to at least the ones for sTTI operations
· FFS whether or not the UCI also includes the ones for legacy TTI operations
Agreements:
· A UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH
· A UE is not expected to transmit PUSCH and short TTI sPUSCH simultaneously on the same REs, i.e. by superposition
· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in the same subframe on one carrier by puncturing PUSCH
· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in different PRBs on the same symbol(s)
· Dropping/prioritization rules (if any) are FFS



In this contribution, we provide our views on UCI on sPUSCH.
2. UCI on sPUSCH
2.1. Basic procedure
In the current LTE, for UCI transmission on PUSCH, HARQ-ACK is transmitted near to the DMRS for better channel estimation since the HARQ-ACK is important for proper operation of the downlink. To avoid ambiguity of HARQ-ACK multiplexing on PUSCH which is caused by (E)PDCCH miss detection, the HARQ-ACK are punctured into the coded UL-SCH bit stream. Since RI is the precondition to interpret the CQI/PMI, RI is located near to the HARQ-ACK symbols using a similar mapping as HARQ-ACK which is also close to the DMRS. The CQI/PMI, on the other hand, is simply mapped over the full subframe duration with rate-matching the UL-SCH. 
According to the agreements made in SI, UCI transmission on sPUSCH is supported. Considering that existing UL DMRS is re-used for 1-slot sPUSCH, re-using existing UCI mapping rules to 1-slot sPUSCH is straightforward.
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Fig. 1	UCI on 1-slot sPUSCH.

For multiplexing UCI on 2-symbol sPUSCH, new UCI mapping rules are needed. For this, current design principles should be inherited, such as (1) HARQ-ACK/RI is mapped near to the UL DMRS with puncturing/ rate-matching UL-SCH REs, and (2) CQI/PMI is mapped in the same way as legacy UCI on PUSCH with rate-matching UL-SCH REs.
For 2-symbol sPUSCH, available number of REs for UL-SCH or UCI is quite limited. For example, assuming DFT-s-OFDM waveform is maintained, the number of available amount of resources is exactly 1 ~ 3 symbols, depending on UL sTTI layout and DMRS position. The number of REs available for UCI transmission on sPUSCH would be much smaller than that for legacy PUSCH. To solve the resource shortage, new beta-offset values for sPUSCH which are different from those values for UCI on legacy TTI PUSCH would be desirable. Besides, further UCI compression can be considered to save the UCI overhead. For example, applying HARQ-ACK bundling in the time/spatial/ frequency-domain.
Proposal 1:
· For 1-slot sPUSCH, UCI on sPUSCH simply follows existing UCI mapping on PUSCH.
· For 2-symbols sPUSCH, current design principles of UCI on sPUSCH are inherited.
· HARQ-ACK/RI is mapped near to the UL DMRS with puntucring UL-SCH REs.
· CQI/PMI is mapped in the same way as legacy UCI on PUSCH, with rate-matching UL-SCH REs.

2.2. Extension to UL-CA
[bookmark: OLE_LINK21][bookmark: OLE_LINK23]For the case of UL CA, if there is the case where multiple sPUSCH with different sTTI lengths occurs at one time, which carrier to multiplex UCI on needs to be defined. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK50][bookmark: OLE_LINK51]One possible approach is to configure sTTI group which consists of cells with the same UL sTTI length. As shown in Fig. 2, within each sTTI group, re-using the Rel.13 CA mechanism that UCI is multiplexed on the carrier with the smallest cell index if there are multiple sPUSCH transmissions at the given time. This solution is simple, while the new definition of the sTTI group needs to be specified. In addition, if the number of the sTTI group is more than one, there will be multiple shortened PUSCHs carrying UCI need to be transmitted simultaneously or their transmissions are partially overlapped, which impose additional challenges for UE transmission power.  
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Fig. 2	Reuse legacy rule to determine the carrier to multiplex the UCI on within each sTTI group.

Another possible approach is to specify UE procedure for determining the carrier to multiplex UCI on without configuring the sTTI group. As shown in Fig. 3, in case there are multiple sPUSCH with different sTTI lengths at a given time, UCI can be multiplexed on the carrier with the shortest sTTI length to reduce the latency; alternatively, in order to guarantee the coverage, UCI can be transmitted on the carrier with the longest sTTI length. In addition, to achieve the tradeoff between low latency and coverage, it is also beneficial to let eNB dynamically indicate the carrier on which to multiplex the UCI on. 
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Fig. 3	Determination of the carrier to multiplex the UCI on without sTTI group configuration.

Proposal 2:
· For the case of single carrier or UL CA configured with the same sTTI length,
· It is straightforward to re-use the legacy rule to select the carrier to multiplex UCI on.
· For the case of UL CA configured with different UL sTTI lengths,
· With the introduction of sTTI group, it is simple to re-use the legacy rule to select the carrier to multiplex UCI on within each sTTI group. 
· Without sTTI group configuration, following two options need further study.
· Option 1: Select the carrier with the shortest or longest sTTI length to multiplex the UCI on;
· Option 2: eNB indicates which carrier to multiplex the UCI on.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]
3. Conclusion
In this contribution, we discussed UCI on sPUSCH made following proposals.
Proposal 1:
· For 1-slot sPUSCH, UCI on sPUSCH simply follows existing UCI mapping on PUSCH.
· For 2-symbols sPUSCH, current design principles of UCI on sPUSCH are inherited.
· HARQ-ACK/RI is mapped near to the UL DMRS with puncturing/rate-matching UL-SCH REs.
· CQI/PMI is mapped in the same way as legacy UCI on PUSCH, with rate-matching UL-SCH REs.
Proposal 2:
· For the case of single carrier or UL CA configured with the same sTTI length,
· It is straightforward to re-use the legacy rule to select the carrier to multiplex UCI on.
· For the case of UL CA configured with different UL sTTI lengths,
· With the introduction of sTTI group, it is simple to re-use the legacy rule to select the carrier to multiplex UCI on within each sTTI group. 
· Without sTTI group configuration, following two options need further study.
· Option 1: Select the carrier with the shortest or longest sTTI length to multiplex the UCI on;
· Option 2: eNB indicates which carrier to multiplex the UCI on.
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